The major pathway for tyrosine catabolism in the animal is the non-oxidative transamination of tyrosine to p-hydroxyphenylpyruvate and its subsequent oxidation to homogentisate. The homogentisate is oxidized to fumarylacetoacetate (maleylacetoacetate), which is finally hydrolyzed to fumarate (malate) and acetoacetate. The enzyme system responsible for this catabolism, tentatively called the tyrosine oxidizing system, is soluble and a partial purification can be accomplished with high speed centrifugation of homogenates of liver (1) and kidney (2) . When these preparations are used it has been observed (3) that one mole of tyrosine will be completely oxidized to one mole of acetoacetate and one mole of fumarate, with the utilization of two moles of oxygen. In order to obtain maximal tyrosine transaminase activity it is necessary to add a-ketoglutarate and pyridoxal phosphate in vitro. The oxidation of the formed p-hydroxyphenylpyruvate requires ascorbic acid (1, 4, 5) as a cofactor or an equivalent oxidation-reduction substitute such as dichlorophenolindophenol (6, 7) .
Clinically, it was shown (8, 9) that premature infants maintained on a diet high in protein without added ascorbic acid excreted p-hydroxyphenylpyruvic acid in their urine. Similarly, p-hydroxyphenylpyruvic acid was excreted in the urine of scorbutic adults (10, 11) . The addition of ascorbic acid to the diet of both groups resulted in the disappearance of this substance from the urine. It was also observed that when large doses of pteroylglutamic acid were given to scorbutic guinea pigs (12) , monkeys (13) , and prema- ture infants (14) there was a decrease in keto acid excretion. ACTH, after a latent period, also decreased the excretion of p-hydroxyphenylpyruvic acid by premature infants (15) and scorbutic guinea pigs (16) . The mode of action of pteroylglutamic acid and ACTH is still obscure. In contradistinction to the above findings it was observed that in two of the three reported adult cases of tyrosinosis there was no effect of ascorbic acid on the urinary excretion of tyrosine or of p-hydroxyphenylpyruvic acid (3) .
These investigations are concerned with the relationship of growth of the organism to the development and action of the tyrosine oxidizing system. The data obtained from premature infants, immature rats, and older subjects will be used in an effort to explain the previous results in terms of a developing enzyme system. METHODS 
Subjects
Samples of liver from premature infants, newborn infants and adults were obtained at autopsy.2 All donors were clinically free of hepatic disease and their livers showed no gross evidence of liver pathology. The mothers of all premature infants had uneventful pregnancies. Special precautions were taken to obtain the livers from the premature infants as soon after death as possible. These infants were removed to the morgue refrigerator; the autopsy was promptly performed and liver samples obtained.
Livers from all subjects were immediately placed in a chilled beaker which was kept on ice and transported to the laboratory for immediate preparation. The data on human subjects are summarized in Table I .
Samples of adult animal livers were obtained from the Long-Evans strain of rats following sacrifice by a blow to the head. The liver was quickly removed and rinsed with ice-cold 0.9 per cent KCI to remove adherent DEVELOPMENT OF THE TYROSINE OXIDIZING SYSTEM IN LIVER blood prior to grinding. Infant and newborn rats were sacrificed by decapitation or decerebration and exsanguinated. Fetal rats were removed from a pregnant animal and decapitated. The livers from all of the groups were removed immediately for tissue preparation except in the case of those rats which were permitted to remain for varying periods in the cold room (temperature 2 to 4°C) or at room temperature (26 to 28°C) to assay the effect of these factors on the hepatic tyrosine oxidizing system. Only litter mates were compared in these experiments.8 8 The effect of varying conditions following autopsy on the tyrosine oxidizing system Was studied by killing infant rats by different techniques and exposing them after death to room temperature for varying time intervals
Preparation of tissue
Human and rat livers were immediately placed in a dish on ice in the cold room for prompt and complete preparation of samples. Generally, the human liver was pressed through a hand-tissue press with a sieve of 1 mm. diameter holes to remove connective tissue mechanically. (17) . No differences in oxidative activity resulted when the animals were sacrificed with and without complete exsanguination. Rats exposed to room temperature for three hours showed no change in oxidative activity, but exposure for six hours resulted in a decrease in activity. The decrease was proportional to a rising level of homogentisic acid which was undoubtedly due to the decrease in the pH of the liver and the subsequent inhibition of homogentisic acid oxidase (3). 
Measurement of oxidative activity
Measurements were made with the total homogenate, the soluble fraction resulting from high-speed centrifugation and the dialyzed soluble fraction. Samples (0.30 to 1.00 ml.) were placed in previously prepared Warburg flasks with sidearms, the flask contents being essentially those described by Knox and of pyridoxal phosphate (60 lg.).4 The center well contained 0.2 ml. of 20 per cent KOH on a strip of filter paper in order to absorb carbon dioxide. Glass distilled water was added to the main central compartment to bring the total volume to 3.7 ml. A control flask lacking tyrosine but containing all of the other reactants was run with each tissue sample. The "endogenous" oxygen uptake was measured and deducted from the oxygen uptake of the flasks containing tyrosine. Measurements were made at 37.3°C and were started after an equilibration period of 10 minutes at which time the contents of the sidearms were tipped into the main portion and the stopcocks were closed. Readings were taken at 10-minute intervals for a total period of 60 minutes. When measurements were made in an atmosphere of nitrogen the flasks were "gassed" on the bath during the 10-minute equilibration period. Following closure of the stopcocks, readings were taken to preclude the extraneous uptake of oxygen. phenylamine reaction (22 (25) . The metaphosphoric acid filtrate was first extracted three times with peroxide-free ether in order to remove p-hydroxyphenylpyruvic acid and leave the a-ketoglutaric acid in the residue. It was found that a-ketoglutaric acid, being in much greater concentration than the aromatic keto acid, interfered with the chromatograms in the absence of ether extraction. The hydrazones which were formed on addition of 2-4 dinitrophenylhydrazine were chromatographed with n-butanol (25) 
RESULTS
The data in Table I show that 10 the premature infants and could be considered infinitely higher when only negligible activity was present in the liver of the premature infant. These data indicate the complete absence or only slight presence of tyrosine oxidation in livers of premature infants. Table III shows the mean values for oxidative activity, based on liver wet weight, nitrogen, desoxyribonucleic acid and total liver activity per square meter of body surface. The data show that irrespective of the standard of reference used for oxidative activity, the livers from premature infants practically always showed minimal activity and they in no instance even approximated the activity of the adult or full-term infant livers.
In Figure 1 the comparative effects of 500 pg. LIVm but showed no effect on the activity of the soluble fraction of the liver from the premature infant. Similar results were obtained with concentrations up to 5 mg. of ascorbic acid. Table IV shows the effect of adding the supernatant fluid of boiled adult rat liver homogenate and the filtrate from the ultrafiltered rat liver soluble fraction to the soluble fraction of the liver of the premature infant. Neither of these additions resulted in an increase in the oxidative activity of the liver of the premature infant. The addition of the soluble fraction of the liver of the premature infant had no significant effect on the oxidative activity of the adult rat liver indicating no inhibitory activity. Table V represents values for the various intermediate compounds which resulted from the oxidation of tyrosine by the soluble fraction of premature infant liver and adult liver. The adult liver selected, and used only in these observations, was obtained from an individual with carcinoma of the kidney and widespread metastases. As a consequence of the pathological changes in the liver there was a decreased oxidative activity, (Table II) . This drastic reduction in oxidative activity in the pathologic adult liver nevertheless resulted in a value which remained considerably elevated above that of premature infant livers (84 pl. 0/30'/gm. wet wt. compared to the previously noted average value of 25 pl. 02/ 30'/gm. wet wt. for premature infant liver- Table  II) . A pathologic adult specimen was used for the analysis to approximate the activity of premature infant liver and thus obtain minimal biochemical differences. The biochemical values premature infant liver and .17 mg. per ml. for obtained with the premature infant liver were adult liver) and the presence of this substance was more significant since distinctly higher values confirmed in both instances by the subsequent were obtained with the liver of an adult having formation and isolation of the 2-4 dinitrophenylhad a disease which led to severe parenchymatous hydrazones. When other samples of the same disruption. This approach again obviates the criti-tissue were incubated in air there was a trace of cism that premature infant liver was more dis-2-4 dinitrophenylhydrazone formed after the inrupted by autolysis after death than normal adult cubation of the premature infant liver and none liver. In this analysis (Table V) all of the after adult liver. These results, together with known intermediates were determined with a com-the identity of the results obtained with the Briggs' bination of various methods. The concentra-reaction (.08 mg. per ml.) and with iodometry tion of p-hydroxyphenylpyruvic acid was deter-(.07 mg. per ml.), established that in the case of mined following incubation of the soluble fraction the adult liver the Briggs' reacting material was in an atmosphere of nitrogen (.04 mg. per ml. for all homogentisic acid. On the other hand, only 
DISCUSSION
These studies show that the liver of the premature infant has little or no tyrosine oxidizing activity. The activity of the tyrosine oxidizing system is greater in the liver of the newborn infant and notably greater in the liver of the adult. These differences appear to be real and apparently do not depend on the conditions of obtaining specimens as indicated by the rat autopsy model and verified by the finding of a very low oxidative activity in the liver of the fetal rat (17) .
The premature infants in this study were younger and smaller than the subjects in the previous clinical studies (8) and the in vitro activity of fractions of their livers was not stimulated by the addition of ascorbic acid or dichlorophenolindophenol. The addition of ultrafiltrates and boiled supernates of adult rat liver did not activate the liver of the premature infant nor did the soluble fraction of the liver of the premature infant inhibit the activity of the liver of the adult rat. These experiments established the absence of nonprotein inhibitors and the presence of the non-protein activators in the liver of the premature infant. A highly significant feature of this study is the demonstration that the activity of the tyrosine oxidizing system increased at a greater rate from prematurity to adulthood than the concomitant increases in cell nitrogen or for that matter any other cellular standard of reference. The over-all relationship of enzyme development to systemic development and differentiation has been well summarized by Boell (26) and Needham (27) who have pointed out that the development of such molecules as enzymes patterns morphologic development. Boell (26) states that enzymes with general and vital functions apparently develop first and keep pace with cell growth whereas enzymes with more specific and less vital functions develop more slowly and later accelerate at a faster rate.
The data previously presented indicate that the low activity of the tyrosine oxidizing system in the liver of the premature infant is not due to a lack of coenzymes or non-protein activators but to the actual absence of apoenzyme. Table V shows that blockage with nitrogen gas at the first step of tyrosine oxidation, using equivalent quantities of tissue nitrogen and an excess of a-ketoglutarate and pyridoxal phosphate, resulted in the production of considerably less p-hydroxyphenylpyruvic acid by premature (.04 mg. per ml. tissue) than adult livers (.17 mg. per ml. tissue). This transamination was studied more completely in rats (17) and it was similarly observed that the tyrosine transaminase apoenzyme was in much lower concentration in the liver of fetal rats than in the liver of adult rats. Transaminase activity may possibly reflect the activity of each of the individual constituent enzymes of the entire enzyme system.
No definitive evidence is at present available to explain the apparent discrepancy between these results and the previous clinical observations (8, 9) . One may assume that early in the life of the premature infant only a small amount of tyrosine is converted to p-hydroxyphenylpyruvate due to the paucity of the tyrosine transaminase apoenzyme. This small quantity of p-hydroxyphenylpyruvate would require only a meager concentration of p-hydroxyphenylpyruvate oxidase for oxidation and the apoenzyme could be activated completely by minimal stores of intrinsic ascorbic acid. The above discrepancy could then be readily explained by the further assumption that as the premature infant develops more apoenzymes are synthesized and extrinsic ascorbic acid is necessary to activate the increased p-hydroxyphenylpyruvate oxidase apoenzyme. When this cofactor is not given to premature infants on a high protein diet, the tyrosine oxidizing system is blocked (8, 9) at the stage of conversion of p-hydroxyphenylpyru-
